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With the recent advancements in single board PCs, having a 
powerful computing device is now easier and more cost effective than 
ever. The Raspberry Pi Foundation, and its Raspberry Pi models in 
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particular have set the stage for this new form of computer. This low-cost platform invites the question,” 
what is its role in the automation industry?” In this webinar, we will discuss where the Raspberry Pi fits in 
and how it can be used with Galil’s high performance controllers and PLCs.

The following is what will be discussed: 

•	 An overview of the motion control and software systems.

•	 How to get started with Raspberry Pi.

•	 Example Applications using the Raspberry Pi with Galil Motion Controllers and PLCs.

 ◌ Data logging

 ◌ Single axis motion control with a touchscreen

 ◌ More complex automation machine

Join us for this free, live webinar on Wednesday, March 1st at 11AM PST

Go to the following link to Register Now: http://www.galil.com/news/webinars/raspberry-pi
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GDK

The Galil Design Kit (GDK) is the newest software package for Galil motion controllers and PLCs. It’s built on 
the powerful gclib programming API making communication with motion controllers and PLCs easy and effective. 
GDK’s modular design allows communication with one or many controllers with a core tool set including terminal, 
program editor, viewer, setup tool, scope, and tuner.

(cont. pg 4)

Galil Now Provides Support for Linux

Support for Galil’s latest generation software has now been expanded to include Linux operating systems.

Gclib

Gclib is a C-compatible application programming interface (API) for communicating with Galil motion 
controllers and PLCs. This API allows a user to create custom host programs that can communicate with and 
command Galil hardware. Gclib for Linux supports various languages such as C/C++ and Python.

Gcaps

Gcaps is a communication server natively supported by gclib. It runs in the background on the host computer 
as a service or daemon. Gcaps has enabled GDK to be built using a client-server architecture. This allows GDK to 
communicate with many controllers and allows a host program (written with the gclib API) to communicate with 
these controllers at the same time. Monitoring, development, and debugging has never been easier with the tools 
provided by GDK, gclib, and the gcaps server.

Operating Systems and Installation

In addition to support of Microsoft Windows and Apple OS X, Galil’s software now supports the following Linux 
Operating Systems:

•	 Fedora Linux

•	 Raspberry Pi

•	 Red Hat 7 & CentOS 7 Linux

•	 Red Hat 6 & CentOS 6 Linux

•	 Ubuntu Linux

   

Go to the following link to Download Now: http://www.galil.com/downloads/api
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Advanced Applications of Electronic Gearing
Part 2 of 3: Positional Correction on Color Print Rollers 

in Offset Printing

Introduction

This is the second of three advanced electronic gearing topics discussed in this series of papers.  The first paper 
covered tension control on a spindle, while the third will cover writing on a moving conveyor system. To view Part 1 
go to the following link: http://www.galil.com/learn/whitepapers

Definition

This topic covers positional corrections of geared color print rollers on a web style, offset printing machine.  
Figure 1 shows material being pulled through three printing rollers, each a different color.  The second and third 
rollers are geared to the first with a 1:1 ratio.  Each roller must be properly aligned so that as the material is pulled 
through, the printed colors line up.  In a perfect world, this can be calculated knowing the distance in-between 
rollers and the radius of the rollers.

Figure 1: Web printing diagram

(cont. pg 5)
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(cont. pg 6)

Color Roller 1 is the master axis and reference point as the material is pulled through the system.  Color Roller 
2 is geared to Color Roller 1 and prints so that it is L1 distance behind the printing of Color Roller 1.  From a 
theoretical standpoint, this timing can be easily calculated knowing the distance L1 and the radius of Color Roller 2.  
The same can be applied to Color Roller 3 using the distance L2 from the master axis.

The challenge comes from the variations in the material length due to stretch as it is pulled through the printer.  
Therefore, if a certain location is tracked on the material (shown by the gray marker in Figure 1), it may not line up 
with the exact angle of Color Roller 2 as it passes through.  The outcome would show a color misalignment if not 
accounted for.

To resolve this, a marker must be placed on the material and measured before Color Roller 2, so that the roller 
can correct its position, θ1, to be aligned properly as the marker passes through Color Wheel 2.  

Resolution

This section will first cover the system implementation to correct for these variations, and then apply the 
implementation using a Galil DMC-4030 motion controller.

System Implementation

Figure 2 shows the same system as Figure 1 with three additions.  First, the master axis lays down a marker in the 
margin of the material, establishing a reference.  The last two additions include two sensors to read that marker, one 
before each of the slave axes.

Figure 2: Web printing diagram with sensors for phase correction
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(cont. pg 7)

The system is then designed based on the calculations, assuming no material stretch or compression, since all 
distances between color rollers are known along with the radius of the rollers.  As the marker passes through the first 
sensor, Color Roller 2 can adjust its position (or phase). Adjusting its phase will enable Color Roller 2 to properly 
align its angle so that as the marker passes through the roller the second color will properly align with the first color.  
Likewise, the same principle can be applied to Color Roller 3. This assumes that all rollers home to a known position 
before operation.

There are two ways the slave axis can correct: using a step move or using a profiled move.  The step move is a 
sudden and instantaneous correction in the slave's profile, while the profiled move is a correction that is generated 
with a certain speed and acceleration/deceleration.  The sensor must be placed far enough before the roller to allow 
for the correction to take place before the marker passes through the roller.

The next aspect of this implementation is measuring the phase correction.  Knowing the appropriate distances of 
the sensors, the radius of the rollers, encoder resolution of the rollers, etc, the calculations can be performed for the 
phase angle, in encoder counts.  Therefore, at that time, the actual position of the slave needs to be captured to find 
the phase amount to correct for.

Galil Implementation

The initial setup for this application is to initialize gearing.  For this example, Galil's DMC-4030, 3-axis motion 
controller is used.  The axes A, B, and C defined on the DMC-4030 represent Color Rollers 1, 2, and 3 respectively.  
Code 1 sets up axes B and C to be geared to the commanded position of axis A with a gear ratio of 1:1.

#gear

GAB= CA;'Axis B is geared to commanded position of Axis A

GAC= CA;'Axis C is geared to commanded position of Axis A

GR ,1,1;'gear ratio of B and C is 1:1

Code 1: DMC-4030 initialize gearing
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(cont. pg 8)

The phase calculation for Color Roller 3 can be performed in a separate thread as seen in Code 3:

'Color Roller 3 (C axis)

#corC;'Axis C correction routine

AL C;'arm C axis position latch

#latchC;JP #latchC,(_ALC=1);'wait until latch has occurred

corC= theta2-(_RLC%4000);'calculate phase difference

Code 3: Position latch for axis C

   

Equation 1: Phase correction

phasecorrect= phasecalculated−phasemeasured

With Galil controllers, this position capture can 
easily be obtained using position latch.  Position latch 
will capture the encoder position for an axis upon a 
defined edge trigger of a digital input.  Each axis has an 
individual input for latch, and therefore, both slave axes 

(and more) can capture independent of one another.  
The AL command arms the latch, and the RL command 
reports the latched position.  Code 2 demonstrates the 
position latch functionality.

'Color Roller 2 (B axis)

#corB;'Axis B correction routine

AL B;'arm B axis position latch

#latchB;JP #latchB,(_ALB=1);'wait until latch has occurred

corB= theta1-(_RLB%4000);'calculate phase difference

   

Code 2: Position latch of axis B
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(cont. pg 9)

The last aspect of this implementation is to correct for the phase error.  This is done with the increment position 
(IP) command as shown in Code 4:

'Color Roller 2 (B axis)

#corB;'Axis B correction routine

AL B;'arm B axis position latch

#latchB;JP #latchB,(_ALB=1);'wait until latch has occurred

corB= theta1-(_RLB%4000);'calculate phase difference

IPB= corB;'correct phase difference

JP #corB;'repeat correction routine

EN

   

Code 4: Axis B phase correction

Code 5: Axis C phase correction

And for axis C:

'Color Roller 3 (C axis)

#corC;'Axis C correction routine

AL C;'arm C axis position latch

#latchC;JP #latchC,(_ALC=1);'wait until latch has occurred

corC= theta2-(_RLC%4000);'calculate phase difference

IPC= corC;'correct phase difference

JP #corC;'repeat correction routine

EN
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(cont. pg 10)

As mentioned in the first paper in this series, Tension Control on Spindle Wheel, independent positional moves, 
such as IP, are superimposed to the geared profile of the slave.  Therefore, axes B and C continue to track the master 
axis as the IP command is a corrective move applied on top of the geared profile.

The IP command can also provide two different functionalities.  The default functionality is a profiled move 
with a defined speed and acceleration/deceleration.  SP sets the speed, AC sets the acceleration, and DC sets the 
deceleration.

Additionally, if the axis is commanded with the jog (JG) command, the IP command will instead perform 
a step move.  Therefore, if a step correction is desired, Code 6 can be used to initialize the axis to perform a step 
profile upon IP.

Figure 3 shows a step profile phase correction of 15 encoder counts for Color Roller 2.  The green trace is the 
state of the latch (when the marker is triggered), the red is the profiled velocity of the master, the blue is the profiled 
velocity of the slave (axis B), and the purple is the following error of the slave axis.

Code 6: Initialization for step move with IP

#gear

GAB= CA;'Axis B is geared to commanded position of Axis A

GAC= CA;'Axis C is geared to commanded position of Axis A

GR ,1,1;'gear ration of B is 1:1

JG ,0,0;'initialize jog with speed 0 for B and C axes

BG BC;'begin jog
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(cont. pg 11)

Figure 3: Instantaneous phase correction

Once the marker is detected by the latch input (green), the controller calculates and performs the proper phase 
correction as seen by the slave axis velocity (blue).  The position error (purple) has a sudden jump due to the step 
correction, but quickly settles in about 10 msec.

Conclusion

This example application can be expanded to making high-speed positional corrections for various types of 
applications that use gearing.  Galil controllers can easily simplify this type of application at high speeds.  

Moreover, the first paper in this series, Tension Control on Spindle Wheel, demonstrated that lower-bandwidth 
feedback loop can be used over the position loop to correct for system frequency (example given: tension).  In that 
paper, the tension loop was closed by varying the speed of the motor.  An important correlation can be made from 
these first two papers.  The two important measurements in a system response are frequency and phase.  For motion 
control, frequency and phase correspond to speed and position.  In the first paper, the motor speed was varied to 
correct for frequency, and with this paper, motor position was varied to correct for phase.
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Our next two-day product school is Thursday March 2, 2017 through Friday March 3, 2017.  The training 
will be at our headquarters in Rocklin, CA (near Sacramento). This technical training provides an overview of Galil 
products, a description of system elements, tuning, motion programming, software, troubleshooting, and hands-on 
labs. On the afternoon of the second day there is an opportunity to spend one-on-one time with the application 
engineers to ask additional questions or discuss individual applications. If you are a new user to Galil or want to 
learn more, signup now! For more information and to register go to http://www.galil.com/learn/classes or contact 
Mark Middleton at Mark.Middleton@galil.com. Please register by February 22, 2017.

Galil 2-day Live Training Coming in March 2017
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With over 750,000 controllers installed 
worldwide, Galil is the leading supplier of 
motion and I/O controllers. Galil’s legacy 
of innovation began in 1983 with the 
introduction of the first microprocessor-
based servo motion controller. Today, Galil 
continues its leadership by offering the 
most powerful, cost-effective, and easy-to-
use controllers to accommodate all your 
motion and I/O needs.

Galil offers a broad array of motion 
controllers in a variety of formats: single 
and multi-axis, card-level and box-level, 
bus-based, and stand-alone. Galil’s 
Ethernet/RS232 and PCI controllers are 
available in an Econo version for lowest 
cost and Accelera version for ultra high-
speed performance. Plug-in, multi-axis 
drives for steppers and servos save space, 
cost, and wiring. For intelligent I/O 
control, the RIO Pocket PLC is compact, 
low-cost, and packed with analog and 
digital I/O. 

At Galil, we share our expertise with 
our customers. You will find a wealth 
of information on our website at 
http://www.galil.com.  Here you can view 
any of Galil’s free web-tutorials, read an 
application note or white paper, post 
a question on our bulletin board, or 
download the latest software and manuals.
 
Exceptional application support is a top 
priority at Galil. Call Galil today at (800) 
377-6329 (US only) or (916) 626-0101 
(global) to discuss your project with 
one of our highly-trained applications 
engineers.  

DMC-41x3 Econo Motion Controller

Galil. We Move the World.
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DMC-40x0 Ethernet/RS232 

DMC-42x0 Ethernet/RS232 

DMC-18x6 PCI

ACCELERA CONTROLLERS AND DRIVES

DMC-41x3 Ethernet/USB/RS232 

DMC-18x2 PCI

ECONO CONTROLLERS AND DRIVES

SINGLE-AXIS CONTROLLERS AND DRIVES

DMC-3x01x Ethernet/RS232 

RIO-47xxx Ethernet/RS232 

RIO-574x0 EtherCAT

POCKET PLC I/O CONTROLLER

FREE Online Support Tools

Application notes, white papers and industry articles
http://www.galil.com/learn/application-notes

Tutorials and videos about servo tuning, motion programming, & motors and drives
http://www.galil.com/learn/online-videos

MotionCode™ Toolkit, step-by-step solutions with downloadable code
http://www.galil.com/learn/sample-dmc-code

MotorSizer™ Tool for quick sizing of stepper and servo motion systems
http://www.galil.com/learn/motorsizer

Interactive bulletin board with knowledge base for fast answers to your questions
http://www.galil.com/forum

Customer stories and videos 
http://www.galil.com/learn/customer-stories

Product catalog with specs and pricing
http://www.galil.com/downloads/product-catalog















EtherCAT MASTER CONTROLLERS

DMC-500x0 Ethernet/RS232 

DMC-52xx0 Ethernet/USB

SOFTWARE TOOLS

GDK. Galil’s seemless software

GalilTools. Servo Tuning and analysis software

GalilSuite. New Version of GalilTools

Frequency Analysis Software. Performs Servo 
Tuning in the frequency domain.

Ladder Interface. Converts Ladder program into 
DMC code for RIO Pocket PLC.

Galil PVT. Software tool for PVT mode of motion.


